The definition of sarcopenia based on appendicular lean mass/height (2) (ALM/height (2) ) is often used, although it can underestimate the prevalence of sarcopenia in overweight/obese patients with heart failure. Therefore, new methods have been proposed to overcome this limitation. We aimed to evaluate the prevalence of sarcopenia by three methods and compare body composition in this population.
Introduction
Sarcopenia has been defined as the age-related decline in skeletal muscle mass, strength, and physical performance. 1 Sarcopenia affects about 20% of patients suffering from heart failure (HF) and is a strong predictor of reduced exercise capacity and mortality in these patients. 2, 3 Despite the large-scale use of the term 'sarcopenia', precise criteria to predict clinically relevant reduction in muscle mass and function have not been established yet. In fact, the classic cut-off point of 7.26 kg/m 2 for men, calculated as appendicular lean mass (ALM) in kilograms divided by height in metres squared (ALM/height 2 ), is still frequently used to classify patients with sarcopenia. 4 Nonetheless, this definition does not include the amount of fat mass to predict sarcopenia in overweight and obese patients. 5, 6 Moreover, the combination of reduced muscle mass and fat accumulation, a phenomenon known as sarcopenic obesity (SO), leads to a higher-risk group with both disorders, 6, 7 and men may have a higher prevalence of SO than women. 8 Paradoxically, although obesity increases the risk of HF, obese patients with HF with reduced ejection fraction (HFrEF) may have lower mortality rate than patients with healthy standard body mass index (BMI; 18.5-24.99 kg/m 2 ). 9 However, the protective effect of higher BMI is abolished in the presence of reduced lean mass and increased fat mass. 10, 11 To overcome the limitation of ALM/height 2 (Baumgartner's method) to define sarcopenia in overweight/obese patients, other definitions have been suggested. For instance, the residuals of a linear regression derived from adjusting lean mass for height and fat mass (Newman's method) seem to be more accurate in patients with high BMI, mainly composed of fat mass. 6, 12 In addition, adjusting ALM by BMI (Studenski's method) has recently been proposed as an alternative to detect SO. 13, 14 Even though both methods may be similar to identify patients with SO, the latter may have a better applicability.
Therefore, the aim of this study was to compare the prevalence of sarcopenia and SO using Baumgartner's, Newman's, and Studenski's methods and to compare body composition features in patients with HFrEF classified by these methods.
Methods

Study population
We prospectively included 168 ambulatory male patients with stable HFrEF. This is an unicentric, cross-sectional study conducted between (May) 2016 and November 2018. Patients were eligible to participate if they had (i) age from 18 to 65 years old; (ii) at least 1 year of diagnosed HF; (iii) left ventricular ejection fraction (<)40% measured by echocardiography; (iv) non-ischaemic and ischaemic aetiologies; (v) New York Heart Association Functional Classes I to IV; and (vi) compensated HF with optimal medication for at least 1 month prior to the study.
Patients with autonomic diabetic neuropathy, chronic renal failure in haemodialysis, heart transplantation, cardiac implantable devices, muscular dystrophy (i.e. Duchenne muscular dystrophy), any hormonal treatment, history of cancer, ongoing infection, and myocardial infarction with percutaneous coronary intervention or revascularization 6 months prior to the study entry were not included.
Written informed consent was obtained from all patients before any study-related procedure if they agreed to participate. The study was approved by the local ethics committee (No. 0892/07) and fulfilled all principles of the Declaration of Helsinki. This protocol is registered at ClinicalTrials.gov under the Unique Identifier Number NCT03463226.
Maximal cardiopulmonary exercise test
Symptom-limited cardiopulmonary exercise test (Vmax Encore 29 System; VIASYS Healthcare Inc., Palm Springs, CA, USA) was performed on a cycle ergometer by all patients (Ergometer 800S; Sensor Medics, Yorba Linda, CA, USA), using a progressive protocol with workload increments of 5 or 10 W/min. Ventilation (VE), oxygen consumption (VO 2 ), and carbon dioxide output (VCO 2 ) were acquired on a breath-by-breath basis and expressed as 30 s averages. The patients were initially monitored for 2 min at rest when seated on the ergometer, and after that, they were instructed to pedal at a pace of 60-70 rpm, and the completion of the test occurred when, despite verbal encouragement, the patient reached maximal volitional fatigue. Respiratory exchange ratio higher than 1.10 was reached by 82% of the patients. Heart rate was monitored continuously at rest, during the test and recovery phase, using a 12-lead digital electrocardiogram (Cardio Soft 6.51 ECG/CAM-14, GE Medical Systems Information Technologies, Wisconsin, WI, USA).
Body composition and muscle strength
Body composition measurements were performed using dual-energy X-ray absorptiometry (DXA; Lunar iDXA; GE Medical Systems Lunar, Madison, WI, USA). Whole-body DXA scans were used to measure total and regional lean and fat mass. The height of each patient was measured to the nearest 0.1 cm with a wall-mounted stadiometer. DXA measurements were performed by the same experienced technician.
First, sarcopenia was calculated as the sum of ALM of both arms and legs in kilograms divided by height in metres squared (ALM/height 2 ), following the method proposed by Baumgartner. 4 Second, a linear regression was performed using lean mass as dependent variable and height and total fat mass as independent variables, using the residuals to define sarcopenia as proposed by Newman. 12 In our sample, the equation was ALM (kg) = À32.94 + 31.00 × height (m) + 0.18 × total fat mass (kg). Third, ALM was divided by BMI as proposed by Studenski. 13 The cut-off values for sarcopenia in this sample were defined as the lower 20th percentile of the distribution of each method.
After adjusting handle position, muscle strength was assessed by handgrip dynamometer (Model J00105; Jamar Hydraulic Hand Dynamometer, Sammons preston rolyan, Bolingbrook, Illionis, USA) using the dominant hand in a supinated position with elbow flexed at 90°. There was 1 min DOI: 10.1002/ehf2.12545 ESC Heart Failure 2020; : 85-92 rest interval between efforts, and the maximum value of three attempts was used. 15 The handgrip cut-off point for sarcopenia was defined according to the BMI categories as proposed by the European Working Group on Sarcopenia in Older People. 16 We defined sarcopenia as having a cut-off value below the 20th percentile and reduced handgrip strength according to BMI ranges.
Laboratory measurements
Blood samples were drawn in the morning after 12 h overnight fasting. The laboratory tests included B-type natriuretic peptide (pg/mL) plasma level, serum sodium (mEq/L), serum potassium (mEq/L), creatinine (mg/dL), haemoglobin level (g/dL), high-sensitivity C-reactive protein (hs-CRP; mg/L), and fasting glucose (mg/dL).
Statistical analysis
Data are presented as mean ± standard deviation, median with lower and upper quartiles (95% confidence interval), and categorical variables as frequencies and percentages. One sample Kolmogorov-Smirnov test was used to assess the normal distribution of all variables. Independent Student's t-test and Mann-Whitney U test were used to compare parametric and nonparametric variables, respectively. One-way analysis of variance, Kruskal-Wallis, and χ 2 tests were used as appropriate. Data were analysed using the Statistical Package for the Social Sciences Version 23 for Windows (SPSS Inc., Chicago, IL, USA). A P-value lower than 0.05 was considered statistically significant for all analyses.
Results
We enrolled 168 male patients with stable HFrEF ( Table 1) . Sixty-six patients (39.3%) were identified with sarcopenia by at least one method, using the 20th percentile defined as the cut-off point of 7.03 kg/m 2 , À2.32 and 0.76 for Baumgartner's, Newman's, and Studenski's methods, respectively. Of those 66 sarcopenic patients, there were eight patients exclusively classified by Baumgartner's method, six patients by Newman's method, and 19 patients by Studenski's method (Figure 1) . Twenty-five patients were classified in two of the three methods, which included three patients in Baumgartner's and Studenski's methods, 16 patients in Baumgartner's and Newman's methods, and six patients in Newman's and Studenski's methods (Figure 1) . The remaining eight patients were classified in all methods ( Figure  1) . When using only one of the methods to detect sarcopenia, there were 35 patients in Baumgartner's method (20.8%), 36 (Figure 1) . The distribution of individuals according to the BMI categories is presented in Figure 2 . Patients with BMI < 25 kg/m 2 were more likely to be identified as sarcopenic by Baumgartner's method (n = 31; 18.5%) when compared with Studenski's method (n = 12; 7.1%; P < 0.001), and there was a trend towards higher number of cases in Baumgartner's method compared with Newman's method (n = 20; 11.9%; P = 0.053). Patients with BMI ≥ 25 kg/m 2 were more likely to be identified as sarcopenic by Studenski's (n = 24; 14.3%) and Newman's methods (n = 16; 9.5%) when compared with Baumgartner's method (n = 4; 2.4%; both P < 0.005). There was no difference between Studenski's and Newman's methods in both categories of BMI (P = 0.11; P = 0.16).
Regardless of method used for definition, patients with sarcopenia were older and had higher hs-CRP when compared with non-sarcopenic patients. In addition, weight, BMI, and height were lower in sarcopenic patients compared with non-sarcopenic. There was no statistical difference in medication between groups ( Table 1) .
We further divided the 66 sarcopenic patients into three subgroups ( Table 2 and Figure 1) according to body composition features, which consisted of patients classified in all indexes (n = 8), patients classified in Baumgartner's method (sarcopenic; n = 27) and patients classified in Newman's plus Studenski's method (sarcopenic obesity; n = 31). Table 2 shows clinical characteristics of patients included in the subgroups of sarcopenia. In general, we observed that lean sarcopenic patients presented lower exercise tolerance (reduced absolute peak VO 2 but not relative peak VO 2 ) and higher B-type natriuretic peptide and hs-CRP when compared with non-sarcopenic and sarcopenic obese patients. On the other hand, lean sarcopenic patients showed normal glucose levels when compared with both non-sarcopenic and sarcopenic obese patients. Left ventricular ejection fraction was not different among groups ( Table 2 ). 
Body composition
Patients included in the sarcopenic group had a lower total fat mass, fat percentage, fat mass in arms, legs, and trunk when compared with non-sarcopenic patients and sarcopenic obese patients. In addition, sarcopenic obese patients presented higher total fat mass, fat percentage, fat mass in arms, legs, and trunk than those without sarcopenia and classified in all indexes ( Table 3) .
Despite the method used to define sarcopenia, all sarcopenic groups presented lower total lean mass and reduced lean mass in arms, legs, and trunk compared with non-sarcopenic patients, whereas sarcopenic obese patients had higher total lean mass and lean mass in arms and legs than patients classified in all indexes and in the sarcopenic group. In addition, lean percentage and lean/fat mass ratio were lower in sarcopenic obese patients when compared with their sarcopenic counterparts and non-sarcopenic patients. Patients classified in all indexes showed lower lean percentage and lean/fat mass ratio than lean sarcopenic patients ( Table 3 ).
Discussion
The main findings of this study are that the criteria based on ALM adjusted by height plus fat mass (Newman's method) or adjusted by BMI (Studenski's method) can be used to determine sarcopenia in overweight/obese patients with HFrEF, but the latter seems to be more appropriate to apply in the clinical setting. The prevalence of sarcopenia alone and SO is similar in patients with HFrEF when using methods that consider fat mass and body size in its equation. Moreover, as expected, patients with HFrEF and SO present higher lean mass than lean sarcopenic patients, although the amount of lean mass is still lower than nonsarcopenic patients. Sarcopenia has become a major public health issue as the population ages. It is well recognized as an independent marker of worse prognosis in patients with HF, 2 and has been related to reduced functional capacity and sympathovagal imbalance. 17, 18 The last revised European consensus about sarcopenia states that the cut-off point for sarcopenia must be lower than 7.0 kg/m 2 for men using Baumgartner's method. 1 In our study, using the lower 20th percentile of Baumgartner's method to define sarcopenia, we found a similar cut-off of 7.03 kg/m 2 . In addition, the cut-off of Newman's method and Studenski's method was À2.32 and 0.76, respectively. They were also very close to what have been proposed by others. 12, 13 In a sample of 200 patients with HF, Fülster and colleagues found that 39 patients (19.5%) were classified as sarcopenic, and about 37 of these patients (94.9%) were men. In our study, the prevalence of sarcopenia was 20.8% for Baumgartner's method and 21.4% for Newman's and Studenski's methods, showing a very similar prevalence among the three methods and also close to the percentage described in some studies 19, 20 but a little higher than in other populations. 14 In addition, obesity, defined as BMI ≥ 30 kg/m 2 , has reached epidemic proportions and is known to increase the risk of developing HF. 21 However, once HF is established, obese patients may have an improved outcome because of the obesity paradox. 10 Although BMI is high, this protective effect of overweight/obesity in these patients may be abolished in the presence of decreased lean mass and increased fat mass. 10, 11 Moreover, increases in BMI cannot detect the regional body fat mass distribution, especially visceral fat that has been associated with mortality in these patients. 22 Furthermore, the protective effect of higher BMI should be considered with markers of functional capacity, once the obesity paradox has been described to be more significant in patients with lower cardiorespiratory fitness. 23 In spite of the limitations involved with BMI, we can still use it to determine the relation between lean and fat mass, once ALM is measured by a gold standard method to determine body composition (DXA). 24 In our study, we found that using Studenski's method to determine SO was alike Newman's method, which uses a linear regression and adds fat mass to the index proposed by Baumgartner to diagnose sarcopenia. Furthermore, considering the similarities between Newman's and Studenski's methods in predicting SO in patients with HFrEF, BMI can be an easy and applicable tool to adjust ALM in patients with higher body weight, although neither of these methods is superior to the other.
The combination of sarcopenia and obesity has been described as a higher-risk group that can potentiate the adverse effects of these conditions alone. 6, 7 Low-grade inflammation seems to be a common pathway in the progression of these disorders and leads to alterations in body composition. 25, 26 Regardless of the definition of sarcopenia, we found that sarcopenic patients presented increased hs-CRP. Although we only measured one inflammatory marker, previous studies have shown that hs-CRP enables detection of even mild alterations in inflammation. 27 Moreover, muscle mass seems to be increased in patients with SO because of a higher body weight they have to carry, and it leads to a better maintenance of lean mass. In our study, although patients with SO presented higher lean mass compared with lean sarcopenic patients, percentage lean mass and lean/fat mass ratio, used to correct muscle mass in relation to body weight and fat, were reduced in these patients. On the other hand, even though peak workload was lower in all sarcopenic patients, strength and peak VO 2 were similar between patients with SO and non-sarcopenic. These findings imply that some components of functional capacity and body composition have already been compromised in these patients, whilst others are still preserved. Physical activity has extensively shown to improve health status in patients with HF, and it may play a role in reducing the risk of sarcopenia and SO in the general population. 28, 29 
Limitations
Despite the novel findings presented in this study, some limitations must be addressed. First, we only included male patients with HFrEF, so we are not able to extrapolate these results to women and patients with HF with preserved ejection fraction. Second, the cut-off value of 20th percentile was arbitrary, although it has been used in larger trials than ours. Finally, there was no follow-up to evaluate the impact of these alterations on prognosis in these patients, and the cross-sectional analysis of this study does not allow conclusions about cause-and-effect relationships. DOI: 10.1002/ehf2.12545 ESC Heart Failure 2020; : 85-92
